INTRODUCTION
Agriculture can both reduce and enhance biodiversity and, around the world, different approaches have been developed to promote the latter (e.g. Knop 2006; Diakosavvas 2005; Cattaneo 2001 ). In the European Union (EU), the most significant programmes to reward farmers for the supply of biodiversity are the agri-environmental schemes (AES) deriving from the Rural Development Regulation (Council regulation (EC) No 1257/1999) and, since 2007, the European Agricultural Fund for Rural Development (EAFRD). Scientific research is underway to develop new approaches for concepts which effectively reward this supply of ecological goods and services OECD 2005) . Such schemes should have higher economic-ecological efficiency, acceptance and practicality (Hanley et al. 1999; Moxey et al. 1998) . In general, for reasons of practicality, participating farmers are paid for policy 'performance', i.e. for maintaining or improving environmentallyfriendly agricultural practices (action-, performance-or measure-oriented AES), rather than for attaining the environmental quality targeted by the schemes (paying for 'outcome effects') (Oñate et al. 2000; Osinski et al. 2003; Primdahl et al. 2003) .
International Journal of Biodiversity Science and Management 3 (2007) 195-208 Correspondence: Annika Höft, University of Rostock, Faculty of Agricultural and Environmental Sciences, Institute for Land Use, Crop Health, Satower Straße 48, 18051 Rostock, Germany. EMail: annika.hoeft@agrar.uni-giessen.de Discussion on the practicality of these different payment schemes goes back to the development of AES in the 1980s (Hofmann et al. 1995) . It was only 20 years after the introduction of measure-oriented AES that the first result-/outcome-oriented AES were implemented by Switzerland, Germany and the Netherlands (Oppermann and Gujer 2003; Oppermann and Briemle 2002; Verhulst et al. 2007) . This is due to the many difficulties in measuring and evaluating policy effects (protection/ improvement effects), based directly on environmental characteristics, for result-/outcomeoriented AES. In this context, Oñate et al. (2000) specified the main limitations of the necessary indicators as: lack of linearity and immediacy, unequivocal causality, and extremely high costs of measurement. The large effort required for data collection is also a common criticism (Osinski et al. 2003) . To overcome these limitations, outcomeoriented AES have to include convenient methods for measuring the produced ecological goods. In Germany and Switzerland, floristic biodiversity is used for this purpose (Oppermann and Gujer 2003; Briemle 2002, Wittig et al. 2006) . Farmers have to prove the existence of defined goal species or defined species richness in order to obtain a reward. However, species composition and richness of vegetation cover vary in relation to biogeographical variations in landscape features. Hence, outcome-oriented AES have to be adjusted to specific regional conditions. Osinski et al. (2003) state that the transferability and effort required for data collection, as well as data availability, are of great importance and concern (see also : OECD 1997 : OECD , 2001 .
At present, there is no experience regarding the methodology, costs and limitations of transferring AES from one region to another. We have used an innovative regionalized (rural district) and pure outcome-oriented AES developed in Lower Saxony, Germany (Gerowitt et al. 2003a; 2003b) to test the regional adjustment of outcome-oriented AES. In this paper, we focus on ecological goods produced on grasslands in two very different study regions in Germany. First, the concept was developed and examined in the field with farmers and with the regional administration in relation to practical applications and control methods (Bertke et al. 2005 , Gerowitt et al. 2003a , 2003b , Isselstein 2005 in the district of Northeim in Lower Saxony, the 'original region'. The regional district Doberan in Mecklenburg-Western Pomerania was chosen as the 'transfer region'. An explicit goal of this study is to test whether regional adjustment can be conducted solely with existing data (instead of field work as in Northeim), as this would considerably reduce the costs and time devoted to future adjustment.
MATERIALS AND METHODS

Materials
Regional data of both the original and the transfer region were collected, analysed and compared to each other. These data include regional landscape framework plans, regional statistical data on agriculture over the last 20 years, scientific studies on historical land-use practices and scientific studies on changes in regional grassland communities over the last 50 years. In Northeim, field data for the grassland communities were collected (Bertke 2004) . For Doberan, it was possible to utilise the provincial floristic database of vascular plants and their areal distribution, the provincial data base of vegetation cover (over 52,000 relevés) and the provincial compilation of plant communities and their areal distribution (Berg et al. 2001; Berg et al. 2004; Dengler et al. 2003 Dengler et al. , 2004 . It was therefore possible to compile a complete species list (1,445 vascular plants, including 303 dicotyledonous grassland plants) and a list of the relevant plant communities of the Doberan regional district without conducting field research. In addition, 223 relevés (from 1980 till the present) of the relevant grassland communities in the transfer region were made available (statement of location in ordinance map quadrants) (Berg et al. 2001) .
The objectives of the utilised AES are to conserve permanent grassland through agricultural practice, especially in marginal locations, and to conserve or promote typical regional grassland communities. The payment scheme includes a list of ecological goods produced on grassland, reward criteria for these goods (Bertke 2004) , and a list of criteria for selecting regional goal species for grassland. A key criterion relates to the number of (undefined) dicotyledonous plants. Bertke (2004) proposed fixed control units (12.6 m 2 ) and set a minimum reward criterion of eight dicotyledonous plants per control unit, complying with ecological Grassland agri-environmental reward schemes Höft et al.
good 'grassland I' (Table 1) . Two more ecological goods require additional species, or 'goal species', which are crucial for the grassland to be worth rewarding ( Table 1 ). The selection of herbaceous grassland goal species (dicotyledonous plants) was conducted on the basis of four criteria (Bertke 2004 ):
1. Phytosociological allocation of the species within the regional grassland communities (character species and 'characteristic' species of the associations).
2. Frequency (and abundance) of occurrence within the selected grassland communities.
3. Indicator species of 'low-intensive use', with indicator values for 'Nitrogen' (Ellenberg et al. 2001) and 'Tolerance to mowing' (Briemle and Ellenberg 1994) less than or equal to seven.
4. Ease of identification of the species to ensure easy and fast data collection.
Methods
The selected regional districts provide different premises for the implementation of concepts for outcome-oriented reward. To determine key issues in regional adjustment of the concept, the regions were compared to each other in terms of landscape and land use.
Selecting the relevant regional grassland communities
Only the agriculturally-used grassland communities in the transfer region were used for this study. These were selected according to their frequency of occurrence in relevés at the level of associations. The data were verified with GIS-based aerial habitat maps at the level of classes (based on colour infrared aerial photographs, provided by the State Office for the Environment, Conservation and Geology (LUNG)) and other maps of areal distribution of plant communities (GIS-based maps provided by the Institute for the Management of Rural Areas, University of Rostock, also Benkert et al. 1998) . Grassland communities were excluded if they were not typical for the region or agricultural use (e.g. Nardetalia stricta, only occurred in areas of former military use) or were very rare in Doberan (e.g. associations Cnidio dubii-Deschampsietum cespitosae and Potentillio anserinae-Festucetum arundinaceae).
Testing the suitability of the reward criteria
To check for compliance of the reward criteria with the rewarding objectives, test parameters based on specific attributes of grassland communities were developed: the average number of species per plot unit of measure (in m²) and the proportion of the number of dicotyledonous plants to the total number of species. Each grassland community has different parameter values for these attributes, which are essential for their ability to fulfil the reward criteria. A comparison of the selected regional grassland communities using these specific attributes allowed examination of the need for adjustment of the reward criteria, i.e. the minimum reward criterion and the goal species list. The determination of a minimum reward criterion is a central problem of outcome-oriented payment schemes. This criterion decides whether a specific grassland plot is eligible for reward. Its definition is a balancing act between acceptance by farmers (practicality), fulfilment of the underlying ecological goals (efficiency), and fulfilment of government guidelines (key word: 'cross compliance', as defined in Council Regulation (EC) No 1782/2003). Thus, our goal was to define the number of (herbaceous) species that indicate the implementation of low-intensity grassland use and, at the same time, guarantees compliance with the (Bertke 2004) . In Doberan, a control unit is equivalent to one relevé (no standardized size). Grassland I complies with the minimum-reward criterion above terms and conditions. Our test of the accuracy of the existing minimum reward criterion (eight undefined dicots) in the transfer region was based on the ability of the vegetation to indicate the intensity of use in practice, using typical agricultural use intensities assigned to grassland communities of Mecklenburg-Western Pomerania at the level of associations/subassociations by Hundt and Succow (1984) , Succow and Joosten (2001) and Berg et al. (2004) . We selected regional grassland associations of low-and high-intensity grassland use which are critical in terms of being correctly addressed by the minimum reward criterion. We then tested whether the corresponding relevés are correctly separated by the criterion into grassland worth rewarding (low-intensity use, at least eight undefined dicots) and grassland which is not worth rewarding (high-intensity use, less than eight undefined dicots). In addition, the species lists of the relevés of the selected grassland communities were sorted according to dicotyledonous and nondicotyledonous plants and analysed with statistical methods (SPSS 13.0, TURBOVEG). The regional goal species list of Doberan was prepared on the basis of the selection criteria listed above. The status of threat (Red Data List) and the areal distribution of the dicotyledonous plants were also used as additional criteria. Finally, we analysed the fulfilment of the reward criteria within our database relevés. We examined the percentage distribution of undefined dicotyledonous plants and goal species and the Ellenberg indicator value, nitrogen, of the dicotyledonous plants within the relevés with the ecological goods G I to G III.
RESULTS
Contrasting regional premises . . .
The regional districts of Doberan (the 'transfer region') and Northeim (the 'original region') have very different premises for the implementation of outcome-oriented AES, as they differ significantly in terms of both the occurring grassland communities and the percentage of species-rich grassland.
Landscape
Doberan (1,362 km 2 , 600 mm average rainfall p.a.) is part of the North German depression. The landscape is composed of different formations from the last ice age (outwash plain, ground and end moraines, glacial valleys). The base material for soil formation consists solely of the glacial sediments and mineral and organic substrates (clay, sand, boggy soil) (Landesamt für Umwelt und Natur Mecklenburg-Vorpommern (LAUN) 1996). Northeim (1,265 km 2 , 800 mm average rainfall p.a.) belongs to the Weser and Leine highland of the German low mountains. The region is characterised by diverse geological structures. Valley lowlands alternate with loess-covered depressions and mountains of sandstone or limestone (Bauplanungsamt Landkreis Northeim 1988) ( Figure 1 ).
Land use
Since the 17th century, the region around the town of Doberan has been characterised by large-scale agriculture, i.e. it is a structurally impoverished landscape. The proportion of arable land and grassland has stayed almost unchanged for more than 100 years, as most of the grassland is on boggy soils that are not suitable for conversion into arable land (fen grassland in depressions and along rivers).
Due to a history of high-intensity agricultural
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Figure 1
Map of location of the study areas in Germany practice -i.e. drastic drainage, conversion into intensive use, fertilized seed grassland (Succow 1986 ) -the former large diversity of grassland vegetation types was depleted. Consequently, the primary conservation goal in Doberan is the reestablishment of species-rich grassland. In contrast, in Northeim, rather small-scale agriculture based on family farms has been maintained ( Table 2) . The wet grassland along rivers is suitable for intensive tillage, as the soil substrate is nutrient-rich alluvial clay. Since much of the Northeim grassland is located on hillsides as (meso-) xerophytic grassland and mat grass meadows, threatened with abandonment, the regional grassland has declined by 25% over the last three decades (own data evaluation based on statistical data from the State Office of Statistics of Lower Saxony), resulting in a major decrease in species and habitat diversity (LRP 1988) . Therefore, the primary conservation goal in Northeim is to continue the utilization of the remaining species-rich grassland in marginal agricultural areas.
. . . entail the adjustment of reward criteria
Three grassland communities were selected with the methods described for the adjustment of the ecological goods in Doberan: Figure 2 shows the different potentials of the three communities in terms of the number of dicots per grassland relevé. Only Molinio-Arrhenatheretea is crucial for the adjustment of the minimum reward criterion. Some of the relevés of corresponding associations are critical in terms of being correctly addressed by the criterion (e.g. Cirsio oleracei-Anglicetum sylvestris, Plantagini majoris-Lolietum perennis). The analysed regional relevés of Festuco-Brometea have far more than eight dicots per relevé ( Figure 2) . A decision on Juncetea maritimi's value for reward is not advised on the basis of this criterion due to its special attribute characteristics. For the selection of goal species, all three communities were further analysed.
Comparing the grassland communities
Adapting the minimum reward criterion
To test the need to adjust the minimum reward criterion of Northeim (eight undefined dicots per control unit), the attributes of Molinio-Arrhenatheretea at the level of associations were analysed. For example, Figure 3 compares two typical associations of high-and low-intensity use. While most of the relevés of low-intensity grassland use (e.g. Cirsio oleracei-Anglicetum sylvestris) can fulfil the criterion, those of high-intensity grassland use (e.g. Plantagini majoris-Lolietum perennis) cannot. It is also clear that the criterion cannot guarantee an accurate division between high-and low-intensity grassland use. Some relevés of high-intensity Figure 4 Dicots in relevés of Molinio-Arrhenatheretea, sorted by their frequency of occurrence (in percent of relevés). The 8 most frequent dicots are very common species with a broad habitat spectrum grassland use have more than eight dicotyledonous plants, and therefore the eight dicots criterion cannot guarantee compliance with the stated goals and conditions which the minimum reward criterion has to ensure. Figure 4 shows that the eight most frequent dicots in relevés of Molinio-Arrhenatheretea are very common species, with a broad habitat spectrum. This might explain why grassland with a long history of intensive use is still characterised by a basic level of species diversity. The adaptation of the miminum reward criterion shows that the eight dicots criterion cannot guarantee an accurate division between high-and low-intensity grassland use in Doberan. A resulting recommendation is, therefore, that the minimum reward criterion should be increased to at least ten dicots per control unit to achieve a better separation, as this would exclude most of the intensive-use grassland fields. At the same time, the policy goal of the AES, of providing a relatively low-entry level in order to be accepted by farmers, is maintained. Nevertheless, this decision cannot guarantee a perfect separation of the groups, as there are always some intensive-use fields with high-species diversity, and some fields used at a low intensity which have only a few species. Further analysis of Doberan relevés used the ten dicots criterion.
Selecting goal species
To compile the goal species list for Doberan, we applied the above-listed selection criteria to the plant species list of Doberan (1,445 vascular plants). Figure 5 illustrates this process. Figures 6  and 7 show that the number of dicotyledonous plants is significantly correlated with the number of non-dicots per relevé. The result verifies the suitability of the number of dicotyledonous plants as an indicator for total floristic species diversity. By applying the selection criteria (except abundance and ease of identification), the plant species list of Doberan was reduced to 129 dicotyledonous plants within the preselected grassland communities (Juncetea maritimi: 14 species; Festuco-Brometea: 49 species; Molinio-Arrhenatheretea: 66 species). It is worth noting that these plant communities have Table 3 ), such that few dicotyledonous plants of Juncetea maritimi fulfil the compiled criteria. By applying the criteria 'frequency of occurrence' and 'ease of identification', 30 of the 115 preselected dicotyledonous plants of Festuco-Brometea and Molinio-Arrhenatheretea were selected for the goal species list of Doberan (Table 4 ). The frequency of occurrence was considered at two spatial levels: within Mecklenburg-Western Pomerania (typical frequency within the grassland communities; qualifying level of frequency: upper: 64%, lower: 10%; Berg et al. 2001) ; and within the Doberan relevés. The frequency of occurrence within the Doberan relevés was mainly used as a check: species with a regional frequency below 3% were excluded from the list. The 'abundance' criterion could not be applied in Doberan due to a lack of information about the species dominance structure in the available regional relevés. In cases of difficult determination of species of one genus, the 'goal species' was defined at the genus level (e.g. Centaurea spp.). All species of this genus occurring in the study area have to indicate a lowintensive use. Due to difficulties in differentiation, some yellow-flowering Asteraceae were also grouped (Hieracium pilosella, H. sabaudum, H. umbellatum, Hypochaeris maculata, H. radicata, Leontondon autumnalis, Tragopogon dubius, T. pratensis) . Figure 8 shows that the number of goal species per relevé of Molinio-Arrhenatheretea is significantly correlated with the number of non-goal-species per relevé. The result verifies the suitability of the selected goal species as an indicator for total floristic species diversity. For the goal species list of Festuco-Brometea, the relationship was not significant, so that the selected goal species cannot be used as an indicator for total floristic species diversity ( Figure 9 ). This is probably because of the small number of available relevés of Festuco-Brometea (n = 27). In such cases, outliers can more easily impact the outcome of the statistical analysis. Nevertheless, the selected goal species of Festuco-Brometea are able to correctly identify relevés of this genus, which means that they 'operate' in terms of the goals of the reward concept. Table 5 shows the percentage distribution of relevés of Molinio-Arrhenatheretea in fulfilling the reward criteria. By separately analysing the fulfilment of these criteria (undefined dicots/goal species), we could visualise how the criteria 'work' in categorising the database relevés. Relevés that do not lead to a reward have less than ten dicotyledonous plants, though some have up to three goal species. All relevés with at least four goal species also fulfil the minimum reward criterion. In other words, this criterion both enhances the number of relevés worth rewarding and identifies relevés with goal species but few dicotyledonous plants. The relevés were also analysed with the Ellenberg indicator value for nitrogen (dicots per relevé) (Table 5 ). The calculated values show that a shift to lower nitrogen indicator values is only measurable when the reward criteria for ecological goods GII and GIII are fulfilled, i.e. when at least two to four goal species are found per relevé. 0 11 37 0 0 0 0 0 0 0 0 C 23: Molinio-Arrhenatheretea; C 22: Festuco-Brometea MV: province Mecklenburg-Western Pomerania ease of identification: 1 = easy ; 3 = difficult nitrogen: 1 = indicator species of habitats very low in nitrogen; 7 = indicator species of nitrogen-rich habitats ; 9 = excessive indicator species for nitrogen; x = indifferent. mowing: 1 = extremely incompatible with mowing; 7 = compatible with mowing; 9 = very compatible with mowing and grazing. red data list: 2 = endangered; 3 = threatened (Ewald 2001 ). This comprehensive work provides an excellent basis for scientific research. However, the grassland relevés of Doberan within the database have one major deficit: they were not systematically organized, so that the database is effectively a collection of all available survey data. There is, for example, no standardised area of relevés, and for 61.2% of the grassland relevés from Doberan in the database, the area is not stated. The average area of the remaining relevés is 23.9 m 2 . Furthermore, the number of relevés is not directly associated with the frequency of occurrence of the plant communities in the regional district. As a result, the percentage of relevés that fulfils the reward criteria allows no conclusions on the percentage of grassland in the regional district of Doberan that is worth rewarding. However, the available relevés are still suitable for adjusting the reward criteria. They reflect typical attributes of the regional grassland communities and allow the compilation of a regional goal species list. Nevertheless, it might be possible that the apparently necessary raising of the minimum reward criterion derives from the higher average size of the relevés for Doberan than for Northeim.
Fulfilment of the reward criteria within the data base relevés
DISCUSSION
A database with deficits and benefits
Compiling the goal species list -expert knowledge needed
The existence of selection criteria for identifying potential goal species should not lead to the assumption that the process of compiling the goal species list can be automated. The selection of specific species is carried out in a process within which a manual weighting of the selection criteria according to experience is necessary in order to derive an adequate goal species list for the region.
Establishing equal opportunities for reward
Remarkably few species of Juncetea maritimi can fulfil the criteria for goal species. This can be ascribed to the special structure of the community. In addition to the dominance of grassy species, few species have their centre of occurrence within this community. Most only 'immigrate' into these locations due to their high-salt tolerance. To establish equal opportunities for reward, it is necessary to develop special selection criteria for the production of ecological goods in saltmarshes. A suitable criterion could be the Ellenberg indicator value for salt tolerance (Ellenberg et al. 2001) . Some easily identifiable grasses should also be added to the goal species list. The criterion to select species which have their centre of occurrence within the grassland community might be softened, while strengthening the importance of the salt-tolerance criterion. Another specific characteristic of Juncetea maritimi is the formation of tessellated vegetation structures. The positioning of representative control units therefore might be rather difficult, which could lead to difficulties in administrative implementation.
Selecting and calibrating the reward criteria
There is a difference between having a goal of promoting biodiversity as plant species diversity per se without any further requirements, and a requirement for the occurring species to fulfil certain qualities (e.g. to indicate low-intensity agricultural practice). Our investigations into the mechanisms of how the reward criteria work on grassland relevés show that a shift to lower nitrogen indicator values is only measurable if at least two to four goal species are found per relevé. Thus, if the goal of reward is to promote plant species diversity per se, the evidence of a specific number of undefined dicotyledonous plants is a sufficient criterion. If the goal is the selective promotion of grassland communities that are typical for lowintensity use, as in this case, the definition of specific goal species might be a more precise tool to select adequate grassland plots.
CONCLUSIONS
This study has shown that it is possible to transfer and adjust an outcome-oriented payment scheme by utilising existing field survey data. However, it is advisable to be careful in interpreting the data. A potential lack of data can be adjusted through the reasonable application of expert knowledge. With regard to the acquisition of data, the main problem is the incoherence in the available databases for biodiversity indicator systems in Germany and elsewhere in Europe (Brouwer 1999) . Thus, due to a lack of adequate databases in many regions, fieldwork will be required in order to produce goal species lists. The underlying goals of outcome-oriented payment schemes determine the selection and the calibration of the reward criteria. It is necessary to regionally adjust these reward criteria when the attributes of single plant communities differ significantly from those of the criteria defining plant communities in the original region. This statement is true also for the criteria used to select the goal species. The implementation of outcome-oriented AES can be limited not only due to the attributes of plant communities, or the environmental state of the regional grassland, but also by limited (administrative) practicality, as shown in this study.
